The effect of ingesting charcoal-broiled beefburgers (CBB) on the liver functions and nonenzymatic antioxidant levels in human blood was examined in twenty-nine healthy individually males (mean age 21.65  1.32 years, range 20.32 -22.42 years), non-smokers and had no occupational exposure to PAHs, who consumed two charcoal grilled beefburger per day (mean weight 70 gm per each) at lunch time over 28 consecutive days. The mean daily intake of PAH during the consumption period was 3431 ng and the mean daily intake of PAH per kg body wt/day was 46 ng. Blood samples were collected from each subject 7, 14, 21 and 28 days before, during, and after the beefburgers consumption period. glutamic-oxaloacetic transaminase (GOT), glutamic-pyruvate transaminase (GPT) and alkaline phosphatase (ALP) were significantly higher in serum of subjects during CBB consumption period compared with those of before CBB consumption ones. All of the enzyme activities still increased upper the baseline levels, before CBB consumption period, by four week after charcoal broiled meat consumption ended. In contrary, the levels of non-enzymatic antioxidants include albumin (ALB), glutathione in serum (GSH-S) and erythrocytes (GSH-E) were significantly lower in subjects during CBB consumption period compared with those of before CBB consumption ones. All of the non-enzymatic antioxidant levels decreased to near baseline levels, before CBB consumption period, by four week after charcoal broiled meat consumption ended. Results suggested that non-enzymatic antioxidants defense system of serum and erythrocytes was depressed and the erythrocytes as well as liver cells were exposed to oxidant stress due to oral exposure of PAH.
Introduction
Consumption of grilled red meat has been associated with an increased risk for colorectal cancer and, with less consistency, with stomach, esophagus, pancreas, breast, prostate and kidney cancers. Particular attention has been given to the formation of polycyclic aromatic hydrocarbons (PAHs) during cooking, with the highest amount of the former associated to cooking meat at high temperatures and/or fat content [1] [2] [3] [4] [5] . PAHs constitute a widely spread group of compounds that contain two or more benzene rings. Many of these compounds have been shown to be toxic, mutagenic and/or carcinogenic by extensive experiments in vivo and in vitro systems [6] [7] [8] . Human are exposed to PAH from various occupational, environmental, dietary and medicinal sources [9] [10] [11] . With in the general population, only certain groups are exposed to occupational and medicinal sources while the major sources of PAH exposure is smoking and diets [12] [13] [14] . Oral intake of PAH may be substantial, as shown by the World Health Organization which stated that 99% of the oral intake of PAH contributed by food, 0.9% by inhalation and 0.1% -0.3% by drinking water [15] . The possible sources of PAHs contamination of foodstuffs in the modern human environment are numerous and varied. A review of the literature reveals that curing smokes, contaminated soils, polluted air and water, modes of cooking, food processing and endogenous sources have been considered [16] [17] [18] [19] . In grilled meat, Emerole et al., [17] found that, smoked meat (shai) contained a relatively higher content of both benzo(a)anthracene and benzo(a)pyrene (PAH members) were 15.5 g/kg and 8.5 g/kg, respectively. While Van Maanen et al., [1] found that the mean levels of benzo(a)pyrene and pyrene in the grilled hamburgers were 8.6 and 26.5 g/ kg, respectively. All of these studies reported that the PAH levels in grilled meat were found to be strongly dependent on the method of cooking, the type of heat source used and the fat content of the meat. For example, the benzo(a)pyrene content in meat grilled on an open log fire was reported to be as high as 50 g/Kg [11] .
For these reason, many studies have been tried to establish the effect of oral exposure to PAH in humans by determination the PAH metabolites in urine [20] , blood [21] and liver [8] . Others investigate the levels of PAH-DNA adduct formation [1, 8, 22] . All of these studies was and still suffered from many set backs include extensive interindividual variation was observed in the amounts of biomarker measured following presumed similar exposures. Also, the detection and quantitation of PAH metabolites and the adduct formation between PAH and DNA of human is not a simple task because the analytical techniques currently available are sparse. Therefore, the present study aimed to search for more biomarkers as affected by PAH oral exposure through investigating the liver functions and the levels of natural biological antioxidant in human blood.
Materials and Methods

Subjects
The subjects of this study consisted of 29 healthy individuals who attended the outpatient clinic for medical check-up. The sample was convenient sample. Subjects were eligible for the study if they had normal liver function results, free from any medical condition, young, non smoker and have no occupational exposure to PAH. They volunteered to consume two charcoal grilled beefburgers pre day (mean weight 70 g per each) over 28 consecutive days. Another criterion for inclusion in this study was that they are living in the nearest area from Shebin El-Kom, having telephone at home and willing to comply with intervention or data collection procedure. They were all male and ranged age from 20.32 -22.42 years with mean age 21.65  1.32 years. Permission from responsible authorities to carry out the study was obtained
Tools of the Study
Based on review of relevant literature three tools were used. The tools included demographic questionnaire, feeding protocol and blood analysis.
Tool (1): Demographic questionnaire:
The questionnaire was used to identify the sociodemographic such as age, smoke, life style habits and medical history.
Tool (2): Feeding protocol
Feeding protocol was done for all selected subjects who met the criteria and accept to continue with the study period to investigate the effect of ingesting charcoal-broiled beefburgers on their liver functions and nonenzymatic antioxidant levels.
Tool (3): Blood analysis
Blood analysis was done to investigate liver enzymes activity and nonenzymatic antioxidants levels before, during and after intervention.
Methods
The data collection were done in three phases, including questionnaire and sample selection, feeding and blood drawn protocol, and analysis.
Phase (1): Questionnaire and sample selection The authors developed a questionnaire to assess the subject eligibility to involve in the study. It contains four questions. The first two were concerned with the participant biosocial characteristics, including age, smoke, Question three was concerned with medical history and question four was concerned with their life-style habits. The authors interview with each participant and ask him to fill the questionnaire and give a blood sample for investigating the liver enzyme before the study intervention. The participants who met the criteria and accept to continue with the study period were selected. The inform consistent was obtained.
Phase (2): Feeding and blood drawn protocol All participants were volunteered to consume two charcoal-grilled beefburgers per day (mean weight 70 g/beefburger) over 28 consecutive days. Beefburger samples were purchased from the local butchers and grilled without anything added over charcoal briquettes on an outdoor grill until well done. The participants met daily during the 28 day feeding period and ate the prepared CBB between 1:00 pm and 3:00 pm in the presence of the study investigators and their assistance's. A 5 mL of heparinized blood sample was drawn from each participant 12 times in the study period. It divided into three periods which included before, during and after the consumption of CBB. The first period was before the consumption of CBB by 28 days, the blood sample was drawn four times on days 7, 14, 21 and 28 to investigate the liver enzymes before the consumption of CBB and to make sure that participants were having normal liver enzymes. The second period was during consumption of CBB, the blood samples was drawn four times on days 7, 14, 21 and 28 to investigate the effect on liver enzymes. The third period was after the consumption of CBB by 28 days, the blood samples was drawn four times on days 7, 14, 21 and 28 to investigate the effect on liver enzymes one month after consumption of CBB. The participants agreed to refrain from consumption of other PAH-containing food items such as charcoal broiled and smoked foods. This food items was prohibited from consumption before the actual consumption period and 4 weeks after the consumption period. The feeding and the drawing blood sample protocol were approved in ad-vance by the Committee on the Industrial and Public Health, Faculty of Medicine, Minoufiya University, Shebin El-Kom, Egypt.
Phase (3): Analysis PAHs estimation in charcoal grilled beef-burgers PAHs was extracted from food samples and purified according to the method mentioned in A.O.A.C. [23] . In brief, 100 gm of each grind food samples was placed in 1 L boiling flask and 400 mL ethanol plus 15 gm of KOH were added. Reflux condensers were inserted to the flasks and boiling then 2 hours at rapid rate. Then water added and the hydrocarbons partitioned into isooctane. Interfering materials were removed by column chromatography on Florisil, followed by selective extraction of PAH into dimethyl sulfooxide (DMSO). Further interfering materials were removed by column chromatography on Sephadex LH-20, utilizing a solvent of toluene: ethanol (1:1) to obtained the PAH purified extracts. These extracts represented the samples ready to inject in HPLC for determining the PAH members concentration. Throughout this study a SP Thermo Separation Products Liquid Chromatograph (Thermo Separation products, San Jose, CA, USA) was used with a pump Consta Metvic 4100, a Spectra Series AS100, Spectra System UV 1000 UV/Visible Spectrophoto-meter Detector, and a PC 1000 system software. A Hypersil BDS-C18, 5 µm (150 × 4.6 mm; Alltech, Baltimore, USA) column was used for standard and PAH samples.
PAH standards Naphthalene, NPH; fluorene, Flu; anthracene, Ant; phenanthrene, Phe; pyrene, Pyr; chrycene, Chr; benz(a)anthracene, B(a)A; benz (b)anthracene, B (b)A; benzo(a)pyrene, B(a)P; benzo(e)pyrene, B(e)P and dibenz(a,h)anthracene, DB(a,h)A (Fluka Chemical Co., Switzerland) were dissolved in mobile phase at approximately 1 mg/ml stock solutions. Standard solutions made from the stock solutions contained approximately 0.5 to 1 g/10 l mobile phase. Retention time for PAHs standard were determined from the UV detector using isocratic elution program described in our previous study Elhassaneen and Twfik [24] as follow: mobile phase: acetonitril:water (75:25); flowrate, 1.0 mL/min; and detector, UV at 254 nm.
Hematological analysis Blood samples were drawn from the antecubital vein into glass centrifuge tubes, in which there was oxalate solution (1.34%) as anticoagulant by authors. After centrifugation at 3000 rpm for 10 min., plasma was draw off and used for the analysis of blood lipid parameters and vitamins. Erythrocyte residue were washed with three successive portions of sodium chloride solution (0.9%) and then haemolysed with deionised water for 30 min. Haemolysate was then centrifuged at 3000 rpm for 30 min. and the supernatant fractions was transferred to a clean test tube and for the analysis of GSH [25] .
Glutathione concentrations (GSH) were determined in serum and RBC's samples by modification of the fluorometric method of Hissin and Hift [26] , which is specific for reduced glutathione at pH 8.0. In brief, cells were collected by scraping and homogenized in handheld glass-glass homogenizer in 5% TCA. After taking an aliquot for protein determination by lowery method [27] , samples were centrifuged at 1200 g for 2 min and the GSH concentration was determined for the supernatant. Samples were incubated with 100 L O-phathalaldehyde (0.1% in methanol) and phosphate buffer (0. 1 M, pH 8.0 with 5 mM EDTA) for a final volume of 2 mL for 10 min at room temperature. Samples fluorescence was then read in a fluorometer at an excitation of 350 nm and emission of 420 nm. AST, ALT and AP enzymes as well as ALB level were determined in serum samples using specific kits purchased from El-Nasr Pharmaceutical Chemicals Company, Cairo, Egypt.
Statistical analysis
Statistical analysis was performed with the Student t-test and MINITAB 12 computer program (Minitab Inc., State College, PA).
Results
Data of the analyses on PAH content of charcoal broiled beefburger samples used in feeding subjects are shown in Table 1 . A relatively large variation in the PAH content of different samples of charcoal broiled beefburger was observed. According to our previous investigations, the differences in PAH content of beefburger samples are probably due to differences in fat content, for instance we found directly relationship between PAH in grilled meat and fish samples and their fat content [11] . During CBB consumption period, the mean daily intake of NPH, Flu, Ant, Phe, Pyr, Chr, B(a)A, B(b)A, B(e)P, B(a)P, DB(a,h)A and unknown peak during the consumption period were 79. Mean  SD values of liver function enzyme activities in subjects serum were given in Table 2 , and those of nonenzymatic antioxidants levels in serum and erythrocytes in Table 3 . Intra correlation coefficient between liver function enzyme activities of the periods were given in Table 4 , those between non-enzymatic antioxidants levels in Table 5 and those between liver function enzyme activities and nonenzymatic antioxidants levels in Table 6 . Inter correlation analysis of different parameters amongst periods before, during and after CBB consumption were given in Table 7 . As seen from Table 2 , GOT, GPT and ALP were significantly higher in serum of subjects during CBB consumption period compared with those of before CBB consumption period. All of the enzyme activities still increased upper the baseline levels, before CBB consumption period, by four weeks after charcoal broiled meat consumption ended.
The levels of nonenzymatic antioxidants include GSH-S, GSH-E were significantly lower in subjects during CBB consumption period compared with those of before CBB consumption period ( Table 3 ). All of the nonenzymatic antioxidant except ALB levels increased to near baseline levels, before CBB consumption period, by four weeks after charcoal broiled meat consumption ended.
In the intra and inter correlation analyses, some correlation's established before CBB consumption period were different from those of during and after CBB consumption periods. For example, the relations between GOT and ALB, GSH-S, GSH-E; GPT and GSH-E; ALP and GSH-E were positive in before CCB consumption period ( Table 6 ). All of these relations were disappeared during CCB consumption period and new negative relations between ALB and GOT, GPT; ALP and GSH-S were appeared. Also, there is no relation at all found in period of after CCB consumption. Intra relations between enzyme activities exhibited also differences among the groups ( Table 4) . In this regard, CBB consumption caused positive relation between GOT and GPT. In the inter correlation analysis carried out between blood parameters of the subjects before and during CBB consumption, positive correlation were found for all studied parameters. But in during and after CBB consumption negative relations were found for GPT and ALP ( Table  7) .
Discussion
In the present study we observed an extensive variation in the PAH content of different samples of beefburgers used in feeding subjects. Our previous studies and others reported that the PAH levels in grilled meat are dependent on the fat content of the meat, the method of cooking and the type of heat source used. For example, the B(a)P content in charcoal-barbecued meat were ranged 1.24 -1.84 µg/kg in compared with 0.51 -0.69 µg/kg meat grilled on an open log fire [11] , Also, the B(a)P content in meat grilled on an open log fire was reported to be as high as 50 g/kg [28] . Van Maanen et al., [1] stated that the fat which is deposited on the charcoal broiled and the fumes will subsequently deposit PAH on the hamburgers. Another factor is the incomplete combustion of the fuel and the deposition of particles on the food [18] .
Influence of Charcoal
The mean daily intake of PAH during the consumption period in the present study was 3.43 g. Several previous studies have been measured or calculated exposure to PAH by food intake. In the UK, in 1979 a daily intake of 3.7 g total PAH was measured. In the Netherlands, during 1984 and 1986, mean daily intakes of 5.4 and 6.7 g total PAH were measured, respectively [14] . The differences in the determined levels of exposure to PAH by food are still under debate. Unfortunately, there are no limits concern the allowed level of PAH in charcoal broiled beefburger mentioned in FAO/WHO Codex and the Egyptian Standard Specification. Consequently, it is difficult to evaluate the obtained general averages of PAH content in charcoal broiled beefburger under the present study.
It is well known that, the liver is the main target for toxic chemicals including polycyclic aromatic hydrocarbons (PAH) [29] . Many authors studied the mechanism of action of these compounds inside the liver cells. One of the most useful theories to explain some mechanistic aspects of PAH carcinogens is the theory of toxification, i.e. the formation of reactive metabolites by enzymes and the covalent linkage of these activated intermediates with cellular macromolecules to initiate the carcinogenic process [8] . Although the intermediate pathway of toxification for PAH has received wide acceptance, many other pathways and mechanisms have been suggested. For example, PAH toxification via the free-radical pathway has received much attention with long time ago. In this regard, studies from the laboratory of Ts'o are interesting; they propose that quinones of PAH owe their activity to oxidation-reduction cycles involving quinone, hydroquinone, and molecular oxygen [30] . The reactive reduced oxygen radicals and semiquinone radicals formed during these cycles have been shown to be mutagenic in bacterial as well as mammalian cells [31, 32] . They are induce a variety of other types of genetic damage, including chromosomal aberrations and sister chromatid exchanges, DNA strand breaks and oxidative modification of DNA bases, cell transformation, and chromosomal abnormality [33] . Oxidant damage to DNA, protein, and other macromolecules appears to be a major contributing factor to aging and the many degenerative processes associated with it, including cancer, heart disease, cataracts, and cognitive dysfunction [22, [34] [35] [36] .
The primary defense protecting the biological systems against the potentially harmful effect of free radicals is provided by antioxidants [37] . For examples, glutathione (GSH) is the principal sulfur reducing agent of the cell and a primary antioxidant. It helps maintain the structure of red blood cell membranes and other cellular proteins as well as maintain the cytoplasm in a reduced state [38] .
Low levels of reduced GSH are associated with oxidative stress in aging, toxic exposure and AIDS. As an antioxidant, GSH assists an enzyme glutathione peroxidase that inactivates hydrogen peroxide and oxidized lipids (lipid peroxides), and prevents them from liberating damaging, highly reactive agents [39] . It can also quench free radicals directly and maintains vitamin E in a reduced state. GSH plays an additional, protective role in the liver, where it combines with toxic materials and their waste products including PAH permitting more efficient excretion [8] . Beside GSH, serum albumin (ALB) is represent one of the most important metal binding proteins synthesized and secreted only by the liver. Besides helping to transport a number of primarily hydrophobic compounds in the circulation, it is a sacrificial antioxidant that can bind copper tightly and iron weakly to its surface serving as a target for their related free radical reactions. Thus it inhibits copper ion dependent lipid peroxidation [40] . Therefore, the levels of GSH and ALB may be important indicators of the adverse effects caused by PAH ingestion.
As seen from our data reduced ALB and GSH levels in human plasma as well as in erythrocytes after consumption of charcoal broiled beefburger (CBB) for 28 consecutive days. We think that PAH ingestion causes some depression on the antioxidant defense potential of erythrocytes and thus, cells cannot cope with oxidant stress incurred by ingested PAH. Our think was supported by the work of Frenkel [41] and others, it is evident that during metabolism of PAHs by rat hepatic microsomes, substantial amounts of 2 and catalase-inhibitable H 2 O 2 are generated. The less carcinogenic PAHs, benzo-(e)pyrene and anthracene, also induce ROS formation by rat liver microsomes but in lower amount. In addition, ROS can be formed during redox cycle of PAH quinones, as was shown to be the case for benzo(a)pyrene quinones in the presence of NADH dehydrogenase [42] . O  On the other side, the decreasing in ALB and GSH was contrary with increasing in serum aminotransferase enzyme activities GOT and GPT as well as ALP. Aminotransferases are normally intracellular enzymes. Thus, the presence of elevated levels of aminotransferase in the plasma indicates damage to cells rich in these enzymes. These enzymes are elevated in nearly all liver diseases, but are particularly high in conditions that the causes extensive cell necrosis, such as severe viral hepatitis and prolongated circulatory collapse. Serial enzyme measurements are often useful in determining the course of liver damage [43, 44] . Also, aminotransferases may be elevated in nonhepatic disease, such as myocardial infraction and muscle disorders; however, these disorders can usually be distinguished clinically from liver disease which are elevated in serum during cholestasis from either intrahepatic or extrahepatic bile ductular/duct obstructions [43] . The present data supporting many previous studies indicated that all of the enzymes activity GOT and GPT are represents excellent markers of liver damage caused by exposure to toxic substances including PAH [45] [46] [47] .
In the correlation analysis, significant relations were found between analysis parameters. Intra correlation's between serum activities of liver functions of the periods (Table 4) . Also, non-enzymatic antioxidant exhibited positive correlation's among the periods including serum and erythrocytes GSH. This means that GSH in serum and erythrocytes have a complementary role. Also, some important differences were however found in different periods in related to serum enzymes activity and nonenzymatic antioxidants ( Table 6 ). For example, the relations between GOT and ALB, GSH-S, GSH-E; GPT and GSH-E; AP and GSH-E were positive in before CCB consumption period. All of these relations were disappeared during CCB consumption period and new negative relations between ALB and GOT, GPT; ALP and GSH-S were appeared. Also, there are no relations at all found in period of after CCB consumption. In the inter correlation analysis carried out between blood parameters of the subjects before and during CBB consumption, positive correlation were found for all studied parameters. But in during and after CBB consumption negative relations were found for GPT and ALP. All of these results showed that charcoal meat consumption caused important changes in the relation between serum enzymes activity and liver function.
Conclusion
PAH ingestion causes reduction in the non-enzymatic antioxidant defense potential of serum and erythrocytes and leads to oxidant stress due to both this reductions in antioxidant capacity and ROS formation as the consequence of PAHs metabolism. As a result of these metabolic events, ROS formation reactions are accelerated and some important changes occur in serum enzyme activities detecting the liver functions. Increase human awareness of PAH levels in grilled meat that is mainly depend on the method of cooking. Further study will be needed to assess and train nurses about the sources of PAH contamination of foodstuffs in order to maintain normal level of liver enzymes in human.
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